Abstract
This is also important for managing the water resources in arid and semi-arid regions of the 48 continent, and for the general planning purposes in order to make the continent food secure.
49
Whereas the relationships between climate indices and rainfall is relevant for meteorological Multi-decadal Oscillation AMO) with changes in TWS derived from both Modern-Era
99
Retrospective Analysis for Research and Applications (MERRA, 1980 (MERRA, -2015 and Gravity
100
Recovery and Climate Experiment (GRACE, 2002 (GRACE, -2014 . The present contribution aims at 101 filling this gap by not only considering ENSO, IOD, and NAO that have been treated in parts of 102 Africa as discussed above, but also two additional climate indices (i.e., MJO and QBO), which 103 have not previously been considered, and are also known to influence seasonal and intra-seasonal 104 rainfall variability over parts of Africa (e.g. Semazzi and Indeje, 1999) . For the first time, a study 105 of the linkages between these five major climate indices and TWS is undertaken over the entire 106 continent of Africa, known to be in-situ data deficient. This pioneering continent-wide study of 107 climate variability impacts on the stored water of the continent will provide useful information 108 for some areas that have hardly been covered.
110
Therefore, the present study specifically contributes the following; (i) it provides an analysis of The rest of this study is organized as follows; in section 2, the study domain is presented, while approximately 3-4 weeks lag time (see e.g., Nicholson, 1996) .
139
Seasonal rainfall distribution over areas south of the Sahara is particularly linked to the 140 movement and position of the ITCZ. However, over the equatorial regions, rainfall tends to be 141 evenly distributed throughout the year (i.e., showing limited dependence on the ITCZ). For 142 higher latitudes, however, especially over the Sahel, rainfall tends to be confined to the summer 143 months-June-September (e.g., Ndehedehe et al., 2016) . Over equatorial eastern Africa, rainfall 144 tends to be highly influenced and dictated by southeast and northeast monsoons, depending on 
153
In general, as a whole, apparent linkages exist between the global climate indices and rainfall,
154
and to an extent with TWS over a number of regions in sub-Saharan Africa (see, e.g., Ndehedehe 
177

Data and Methods
179
The data used include; monthly time series of GRACE-TWS, NOAA's Multivariate ENSO Saji et al., 1999), which might be due to the short period of the dataset used in the present study. 
Madden-Julian Oscillation (MJO) index
Lagged Pearson Correlations and Amplitude Analysis
Figure 3 lagged correlations between the five climate indices and TWS (A-1-E-1), the amplitude of each index (A-2-E-2), 2-month
time lag between the indices and TWS (A-3-E-3), and the statistical significance test for lagged-correlation (A-4-E-4).
388
With regard to the potential relationships between NAO and TWS variability over sub-Saharan 
393
To ensure that the results described above are robust enough, we perform further analysis of the 
Lagged Correlation and Amplitudes after Filtering Annual and Semi-annual Cycles
400
The north-south migration of ITCZ and external forcing associated with global atmospheric 
427
Figure 4 Lagged Correlations between the five indices and TWS (A-1-E-1), the amplitude of each index A-2-E-2), lags between the
indices and TWS A-3-E-3), and the statistical significance test for lagged-correlation (A-4-E-4). Note that annual and
430
semi−annual cycles are removed before these processes. 
ICA-derived Isolation of Redundant Information Between Climate Indices
449
ICA is applied to the time series of climate indices in order to explore the existence of any 450 significant modes of monthly and inter-annual variability of TWS over Africa that may be linked 451 to specific or combined global climate indices (see Table 2 ). The time series of the three leading 
Correlations between Leading ICA Modes of Climate Indices and GRACE-TWS
483
The lagged correlations between IC1 and TWS, after removing the seasonal cycles, are shown in Based on Pearson correlation and ICA analyses, the study: influence TWS variability over these regions, especially with a time lag of 6-8 months.
569
On the other hand, the lagged correlations patterns between the second ICA mode (IC2) 
